We present the results of optical spectroscopic follow-up of 125 candidate main sequence OB stars in the Small Magellanic Cloud (SMC) that were originally identified in the S 3 MC infrared imaging survey as showing an excess of emission at 24 µm indicative of warm dust, such as that associated with a transitional or debris disks. We use these long-slit spectra to investigate the origin of the 24 µm emission and the nature of these stars. A possible explanation for the observed 24 µm excess, that these are emission line stars with dusty excretion disks, is disproven for the majority of our sources. We find that 88 of these objects are normal stars without line emission, with spectral types mostly ranging from late-O to early-B; luminosity classes from the literature for a sub-set of our sample indicate that most are main-sequence stars. We further identify 17 emission-line stars, 7 possible emission-line stars, and 5 other objects with forbidden-line emission in our sample. We discover a new O6 Iaf star; it exhibits strong He II 4686Å emission but relatively weak N III 4640Å emission that we attribute to the lower nitrogen abundance in the SMC. Two other objects are identified with planetary nebulae, one with a young stellar object, and two with X-ray binaries. To shed additional light on the nature of the observed 24 µm excess we use optical and infrared photometry to estimate the dust properties of the objects with normal O and B star spectra and compare these properties to those of a sample of hot spots in the Galactic interstellar medium (ISM). We find that the dust properties of the dusty OB star sample resemble the properties of the Galactic sample of hot spots. Some may be runaway systems with bow-shocks resulting from a large velocity difference between star and ISM. We further investigate the nature of these dusty OB stars in a companion paper presenting mid-infrared spectroscopy and additional imaging.
INTRODUCTION
The Spitzer Survey of the Small Magellanic Cloud (S 3 MC) carried out deep imaging of the main body of the SMC in all seven IRAC and MIPS bands ). This survey identified about 400,000 compact sources in the infrared. Compilation of spectral energy distributions and cross-correlation against optical catalogs uncovered 193 point sources with 24-µm emission, but with optical and near-infrared colors and magnitudes all consistent with O9-B3 type main-sequence stars. Photospheres of such stars are well below the detection limit of this survey, so an additional source of infrared (IR) emission must be present, presumably warm dust with a temperature close to 150 K. Figure 1 shows the V, V − I color-magnitude diagram for all objects detected at 24 µm in the S 3 MC survey, and the box represents the V − I and M V cuts on the dusty OB star sample. These sources are a puzzle, representing a few percent of all the stars in that particular color and magnitude range in the SMC. Dust in close proximity to an early B/late O star could be a remnant from the accretion process, and provide important information about the final stages of accretion and the clearing up of the original disk in massive stars. We discuss below several competing possibilities for the nature of these sources, previously presented by Bolatto et al. (2007) . The discovery of these objects has been confirmed independently by the Spitzer SAGE-SMC survey (Bonanos et al. 2010 , who also discuss them) and by Ita et al. (2010) using AKARI data.
If the dust is associated with the star, it must exist either in an optically thin shell surrounding the star or in a thin or transition circumstellar disk, since no appreciable reddening of the central star is detected beyond the line-of-sight extinction by our own Galaxy to the SMC. These objects have F IR /F Bol ∼ 10 −4 to 10 −2 , indicating that the dust is intercepting only a small fraction of the star's light and re-radiating it in the IR. This also supports the thin shell or disk scenario. Since most of the dusty OB stars show little to no excess emission at wavelengths of 8 µm or shorter, a large central gap would be needed to explain the absence of significant emission from hotter dust located close to the star.
A clump of interstellar dust, heated by a nearby star, however, could also reproduce these characteristics. This is observed, for example, in the Pleiades (Arny 1977; White & Bally 1993; Herbig & Simon 2001; Sloan et al. 2004) . Vega-like stars, Herbig Ae/Be stars, and classical Be stars all have disks that are known to contain dust to varying degrees, and so we consider them, as well as cirrus hot spots in the ISM, as the possible causes for the excess emission seen around these O and B stars in the S 3 MC survey. Vega-like stars host debris disks, which are the remnants of planet formation. They are optically thin dust disks, mostly stripped of their primordial gas and continually replenished by collisions between planetesimals. The prototypical examples are Vega, Fomalhaut, and β Pictoris, all of which have disks that extend 100 to 1000 au from the star with L IR /L Bol ∼ 10 −5 to 10 −3 (Backman & Paresce 1993 , and references therein). The central region, a few au in extent, of these disks has been cleared of dust, just as in our solar system, and the mass of emitting dust is ∼ 10 −3 to 10 −2 M ⊕ at temperatures between 50 and 125 K. The wider sample of debris disks shows an upper limit on F IR /F Bol of 10 −2 (Chen et al. 2006) , temperatures up to 300 K, and dust masses as large as an Earth mass (Krivov 2010) . Note however that the known debris-disk hosts are observed, overwhelmingly, around much less massive stars with later spectral types. A gas-free disk around a very luminous star would be quickly cleared by radiation pressure, unless the dust grains are very large.
Classical Be stars are rapidly rotating main-sequence stars with an excretion disk of gaseous material (Porter & Rivinius 2003) .
The disk produces IR excess in the form of free-free emission with approximately S ν ∝ ν 0.6 in the near-and mid-IR (Waters & Marlborough 1994) ; this by itself would not explain the sudden rise observed in the spectral energy distribution (SED) of the dusty O and B stars at 24 µm. Miroshnichenko & Bjorkman (2000) , however, found evidence for circumstellar, thermal dust emission in some Be stars in the far-IR, which they attribute to remnant dust from prior evolutionary processes.
Herbig Ae/Be stars, on the other hand, are pre-main sequence stars that are thought to be the more massive analogs to T Tauri stars. They are surrounded by gaseous accretion disks containing dust with temperatures as high as 1500 K, creating the IR excess (see, e.g. Hillenbrand et al. 1992; Waters & Waelkens 1998) . Herbig Ae/Be stars typically show significant excess at λ ≥ 1 µm from this hot dust. The onset of the emission at longer wavelengths indicates that the central portion of the disk nearest the star has been cleared and is free of dust. Disks with such a central hole are transition disks (e.g., Cieza et al. 2010) . It is possible that more massive, early-B and O stars also go through this stage, although modeling suggests that this may be an exceedingly short phase as disks are rapidly cleared (Alexander et al. 2006) . Observational evidence for circumstellar disks around massive B and O stars remains hard to come by (Cesaroni et al. 2007 ).
The Galactic cirrus, comprised of wispy or filamentary patches of dust throughout the disk of the Galaxy, has a typical temperature of ∼ 18 K (Planck Collaboration et al. 2011) , but heating of the cirrus by embedded stars produces small regions of warmer dust, or hot spots, near the star, reaching temperatures of ∼ 70 K (van Buren & McCray 1988) . It is difficult to distinguish debris disks from hot spots in the cirrus without resolved images of either the dust emission in the IR, or the scattered light in the optical. The observed SEDs can be interpreted with either scenario, as illustrated by Martínez-Galarza et al. (2009) and Su et al. (2006) ; Martínez-Galarza et al. model some of the same objects in Su et al. as ISM heated by stars passing through a cloud, while Su et al. model them as debris disks. Cirrus hot spots are also sometimes the cause of the far-IR emission detected around Be stars (Miroshnichenko & Bjorkman 2000) .
Understanding the source of the excess emission in these objects is valuable because the scenarios above represent different phases in the evolution of massive stars. Detecting circumstellar material around SMC stars is interesting, because it offers the opportunity to study accretion or excretion processes in a low metallicity environment, and particularly around massive stars with an unextincted line-of-sight. Detecting debris disks in the SMC would be especially exciting, as they would offer an unprecedented opportunity to study planet formation in another galaxy. Such early-type stars are underrepresented in Galactic studies.
While the photometry suggested the stellar counterparts of the IR emission to be early-type main-sequence stars, this has yet to be confirmed through spectroscopic observation. The vast majority of the 193 objects in our sample do not have spectral types reported in the literature, although a small subsample has fiber optics spectroscopy (Evans et al. 2004) . Bonanos et al. (2010) compiled a catalog of IR counterparts to massive stars spectroscopically confirmed in the literature. They identify 44 objects that are similar (OB stars with 24 µm emission) but not necessarily identical to our sample. They constitute ∼ 2% of their sample of late-O and early-B stellar types, a fraction slightly lower but otherwise similar to that reported by Bolatto et al. (2007) . The 18 spectra Bonanos et al. have in hand show nebular line emission, unlike -as we shall see -the majority of the sources in this sample. Note that the spectra used by Bonanos et al. are obtained using fibers (Evans et al. 2004 (Evans et al. , 2006 , which makes sky subtraction in complex regions problematic. Long-slit spectroscopy is preferred in regions of diffuse sky emission such as found around massive stars. Clearly, further spectroscopic study is warranted. Bonanos et al. (2010) conclude that most of their sources are not found within very young regions, and suggest their IR emission is likely dust associated with cirrus or a nearby molecular cloud, rather than disks. Bolatto et al. (2007) , however, noted that the majority of the sources identified in their sample are in the vicinity of active star-forming regions although not in their cores, where confusion with diffuse 24 µm emission would make their identification extremely difficult.
We obtained optical long-slit spectroscopy for 125 of the 193 objects from the S 3 MC survey in order to determine how many of them are emission-line (e.g., classical Be and Herbig Ae/Be) stars and to obtain spectral types to quantify the stellar radiation field illuminating the dust. In section 2 of this paper, we discuss the photometric and spectroscopic observations, while in section 3 we classify the stars, and in section 4 we estimate the properties of the dust around the non-emission line objects. In section 5, we discuss how well the various scenarios explain our objects and include a comparison of the dust properties to those estimated from the sample of Galactic cirrus hot spots of Gaustad & van Buren (1993) . In a companion paper (Adams et al. 2013 , hereafter Paper II), we discuss further infrared spectroscopic and photometric information, and comparisons to large Galactic samples based on Wide-field Infrared Survey Explorer (WISE) data.
OBSERVATIONS

Spectroscopy
The optical spectra were obtained at the 3.5-m New Technology Telescope at the European Southern Observatory at La Silla, Chile in 2007 September (programme 079.C-0485; PI J.Th.van Loon), using the EMMI instrument (Dekker et al. 1986) in RILD mode in the red arm with grism #2 and a 1.
′′ 0 slit. This set-up provided wavelength coverage from ∼ 385 to 870 nm with λ/∆λ = 570. Biases, dome flats, and HeAr arc lamp frames were acquired for calibration. The science integrations were split into three exposures, offset along the slit, in order to correct for cosmic rays and fringing effects at wavelengths beyond 750 nm). A filter to block second-order contamination longward of 800 nm was originally planned, but it was dropped because of unwanted reduction of signal in the blue region of the spectrum.
The spectra were wavelength-calibrated with HeAr lamp exposures, using the IRAF 1 identify, reidentify, and transform tasks in the noao spectroscopic reduction package. The 1D spectra were then extracted using the apsum task. The extraction was at times complicated by the background emission lines from H II regions within which our targets were located. To remove this background, the aperture and background regions were set interactively, looking first at the profile of the star along the slit, away from any emission lines. If any [O III] 5007Å emission remained in the extracted spectrum, the extraction was re-done looking instead at the profile along the slit at the [O III] line to set the aperture and background regions. The extracted spectra were summed for each object to increase the number of counts and to average out fringing effects and an electronic interference pattern that could not be removed with the bias or dark frames due to frame-to-frame variations. Lastly, the spectra were normalized to the continuum in the region between 400 and 680 nm by fitting and dividing by an order 20 polynomial.
Photometry
The photometry used to create the SEDs for each source is a combination of B, V, and I data from the OGLE II survey (Udalski et al. 1998 ) and the Magellanic Clouds Photometric Survey (Zaritsky et al. 2002) , J, H, and K s from the 2MASS survey (Skrutskie et al. 2006) , and Spitzer Space Telescope (Werner et al. 2004) data from both the original S 3 MC ) survey and the combined S 3 MC/SAGE-SMC catalogs (Gordon et al. 2011) , making use of the IRAC (Fazio et al. 2004 ) and MIPS (Rieke et al. 2004) instruments. In the SAGE-SMC processing, combined S 3 MC/SAGE-SMC images were created by stacking data from both surveys before performing the photometry. For the MIPS combined catalog, on the other hand, photometry was performed on the three different observing epochs (one for S 3 MC, and two for SAGE-SMC) separately, after uniformly reprocessing the data. We searched the combined catalogs for coordinate matches to the dusty OB stars within 2 ′′ . The IRAC and 2MASS data points in the original S 3 MC photometry were replaced with the points in the combined catalog if they existed. If more than one match was found, the closest match was used. The 24 µm points in the original S 3 MC catalog were replaced with the weighted average of the three epochs in the combined catalog for the the closest positional match. Points were replaced as long as there was a match within 2 ′′ in at least one of the epochs. The 70 µm data points, where they exist, must be treated with caution. The diffuse emission in the SMC is considerably brighter at 70 µm than at 24 µm, and the difference in beam size between the two channels is substantial. The beam size at 24 µm is 6 ′′ , corresponding to 2 pc at the SMC distance of 61.1 kpc (Keller & Wood 2006) , while the beam size at 70 µm is 18 ′′ , corresponding to 5 pc. Thus there is a good chance of source confusion between the two channels, and we have not searched the combined S 3 MC/SAGE-SMC catalog for 70 µm matches. The photometry data are given in Tables 1 and 2 .
SPECTRAL CLASSIFICATION
We use our long-slit spectroscopy to classify the stars. For the classification, we employ the scheme described in Evans et al. (2004) , which compares the strengths of a number of lines in the 4000-5000Å range. We use the equivalent widths of the lines, guided by visual inspection of the spectra, to compare the line strengths, but our low resolution leaves some of the important lines blended with Hδ (Si IV 4088Å and Si IV 4116Å) or with each other (e.g., He I 4471Å and Mg II 4481Å). Note also that the original classification scheme was designed for supergiants, and so the Si lines for main-sequence stars may be too weak to detect in some cases. The classification scheme is summarized in Table 3 . A sample spectrum of object B 107 is shown in Figure 2 . Since B 107 shows no He II absorption features, it is not an O star. It shows no evidence of Si III 4553Å, so it is not a B2 or B3, but the Mg II 4481Å appears too weak for a spectral type later than B3. Thus we conclude that most likely the Si IV lines are blended with Hδ and that the star is a B1.
Of the 125 objects for which we obtained spectra, 87 appear to be normal main-sequence stars and one (B 167) is discussed below as a likely supergiant. Of those 87, 53 are classified via the above scheme and assigned a subtype. The remaining 34 stars were difficult to place precisely within the scheme, but they have been marked as either O7-O9, if they show He II absorption, or B0-B2 if they lack the He II lines. B 167 is unusual, however, in that it shows no significant He I absorption but has very strong Balmer absorption. It appears to be an A star; given its luminosity it is probably a supergiant. The spectra and SEDs of these 88 objects are shown in Figures 3 through 8 , while the assigned spectral type is given in Table 4 as well as in the figures.
The remaining 37 of the 125 objects, which are not considered in the dust analysis in the next section, fall into one of four groups: 1) stars that show Balmer emission and sometimes He I/ II emission (16 stars plus B 094), 2) stars with unusual Hα profiles (7 stars, including B 035 which we especifically discuss in the following section), 3) objects that show strong forbidden line emission (6 objects), and 4) spectra that are difficult to extract (8 stars).
The first group of 17 stars shows the Balmer and He I/ii emission lines characteristic of Be stars (Figure 9) , while the second group of 7 stars shows only weak Hα absorption (Figure 10) . B 094 stands out, as it is the only object among the 17 stars that shows [N II] λλ 6548,6583 emission. We include it here, rather than with the strong forbidden-line emission objects, because of the lack of [O III] emission and the weakness of the Balmer emission compared to the other objects in that group. The unusually weak Balmer absorption in the second group of stars may indicate that these objects are Be stars as well. Silaj et al. (2010) modeled the Hα profiles of Be stars and showed that, for many combinations of base-disk density, density distribution, and viewing angle, the Hα emission from the circumstellar matter does not cancel out the absorption line of the star completely. This effect could explain the unusual Hα profiles. The definite Be stars are noted with a spectral type of OBe in Table 4 , while stars with possible weak emission are noted as "OBe?" in the table.
The third group is comprised of 6 objects (5 shown in Figure 11, ; it shows strong Balmer emission, with weak [N II] emission, very weak [O III] emission, and little to no He I emission above the continuum level. The SEDs of these five sources are much flatter than those of the non-emission-line objects, possibly due to the predominance of the free-free emission over any stellar photospheric emission. These objects are marked in Table 4 as Em in the spectral type column.
The fourth group, shown in Figure 12 , includes B 005, B 011, B 112, and B 175, all of which have low signalto-noise spectra and, except for B 011, also have a star too nearby to set the background well. Thus it is unclear whether the Hα absorption appears weak because of noise, background contamination, or weak Be star emission. The other 4 objects in this group are B 006, B 093, B 108, and B 191, whose complicated background in Hα makes it difficult to disentangle emission from the surrounding nebula from possible Be star emission. These objects are given no spectral type in Table 4. 3.1. A newly discovered O6 Iaf star In the "OBe?" group, B 035 is the only star that shows He II 4686Å emission. The spectrum is displayed in more detail in Figure 13 . The appearance of the He II 4686Å emission indicates a very high luminosity, class Ia (Sota et al. 2011) . This is commonly accompanied by emission of the N III 4640Å complex, but this is weak in the spectrum of B 035. We suggest that this is a metallicity effect due to the low nitrogen abundance in the SMC (van Loon et al. 2010) . It does appear to be present, hence we tentatively affix the "f" suffix to the spectral type. With regard to the temperature class, the He I 4471Å/He II 4200Å ratio suggests a spectral type of about O6 (Sota et al. 2011 ). The He I+ii 4026Å line is weaker than that of the He II 4200Å line, which would suggest a spectral type < O4, but it is also weaker than that of the He I 4471Å line, which would suggest a spectral type > O7 (which does not really happen, Sota et al. 2011 ) -we attribute this to uncertainties and/or possible binarity and arrive at a final spectral classification of O6 Iaf.
Comparison with literature
Accurate spectral classification based on high quality data was carried out by Evans et al. (2006) , Martayan et al. (2007) , Evans & Howarth (2008) and Hunter et al. (2008) for 23 of our 125 stars (see Table 4 ). Our own spectral classifications are in agreement with those determinations, with only a few deviations by one or two subclasses. The majority (∼ 14) of those classifications are of luminosity class IV-V, with only 6 of luminosity class II and none more luminous. This suggests that most of the stars in our sample are unevolved, main-sequence stars.
The sample, however, is a mixed bag of curious and seemingly very common types of objects. The "Em" objects include the planetary nebulae B 001 = LHA 115-N 9 and B 079 = LHA 115-N 47, the YSO B 036 , and the compact H II region B 028 = LHA 115-N 26 (Testor 2001) . The sample further includes the X-ray binaries B 064 = SXP 214 (Coe et al. 2011 ) and B 085 = CXOU J005245.0−722844 (Antoniou et al. 2009 ) and no less than 10 or 11 eclipsing binaries. We attribute the large number of eclipsing binaries to the high overall fraction of close binary systems among massive stars (Sana et al. 2012 (Sana et al. , 2013 .
CONSTRAINING THE DUST PROPERTIES
In order to assess the viability of the various hypotheses for the nature of the dusty OB stars and the origin of the dust, we now use the available photometry to estimate the gross properties of the dust. The primary quantities we can constrain are the dust temperature, dust mass, the fraction of the star's light re-radiated by the dust (F IR /F Bol ), and the distance of the dust from the star. We also calculate the grain size below which radiation pressure will quickly remove the dust from the system in the absence of gas drag, as well as the mass of grains of that blow-out size that would be needed to account for the observed F IR /F Bol .
To determine these properties, we first find the amount of expected flux from the stellar photosphere by fitting to the SED a power law of the form
with ν in Hz and λ in µm, and with the slope m derived from the Kurucz stellar atmosphere model (Castelli & Kurucz 2003) of the spectral type determined. The intercept b was determined using the Jband flux, or I if J was unavailable, to scale the models. The J and I fluxes were corrected for the lineof-sight extinction due to the Milky Way using A I = 0.482A V and A J = 0.282A V from Draine & Lee (1984) and Rieke & Lebofsky (1985) , with A V = 0.12 mag (Schlegel et al. 1998) . We selected models for [M/H] = −0.5, closest among the Kurucz library to the typical abundance of young stars and gas in the SMC of [M/H] ∼ −0.7 (Pagel et al. 1978) , and the suggested surface temperatures and surface gravities for specific stellar types from Martins et al. (2005) and SchmidtKaler (Aller et al. 1982) . All the fits used models with log g = 4 for the surface gravity, and the surface temperature and slope used for each spectral type is given in Table 3. The temperature scale is similar -well within 10% -to that of Galactic main-sequence stars determined by Nieva (2013) and that of O-type stars in the SMC determined by Massey et al. (2005) ; the latter found that early-O type stars in the SMC are hotter than Galactic stars of the same spectral type, but that this difference vanishes around B0. A slope m = −2.91 was used if the star was given a spectral type of "O7-O9", while a slope m = −2.84 was used for all other stars without a specific spectral type. From these fits, the excesses at 4.5, 8, and 24 µm were calculated (Table 5) , along with the ratio of the excess to the expected photosphere.
4.1. Dust Temperature In all but six cases, marked with a footnote in Table 5 , no emission was detected at 70 µm, so we cannot fit a model to the 8, 24, and 70-µm excesses directly. Instead we estimate the color temperature of the dust using the 8-and 24-µm excesses, and place limits on the color temperature using the 24 µm flux and the 70 µm flux limit of 40,000 µJy, minus the expected photospheric flux. The color temperatures are estimated assuming a modified blackbody with emissivity ∝ λ −2 , using the equation
where a is the shorter wavelength and b the longer. The color temperatures calculated for the ratios of the 8-to 24-µm excesses, for stars with a specific spectral type, are given in Table 6 . Because the 8-µm band includes a major polycyclic aromatic hydrocarbon (PAH) feature, these color temperatures must be treated with caution. Note, however, that PAH emission in the SMC is considerably weaker than in the Milky Way making this less of a problem than for local samples (Sandstrom et al. 2010) . The color temperatures calculated with the 24-to 70-µm ratios are very uncertain, since in most cases we have only an upper limit on the 70-µm flux, and thus are not included in the table. These values are generally in the range of 40-60 K, but they should be considered as lower limits as a 70-µm flux below the upper limit would lead to a higher derived temperature. Mid-IR spectroscopy and deeper 70-µm photometry to determine the dust temperature directly are presented in Paper II.
Dust Mass
We are working in the optically thin limit at long wavelengths, so the emission of the dust is given by
where I ν is the excess emission at 24 µm, Ω is the solid angle subtended by the source, τ λ is the opacity due to the dust, and B ν is the emission of a blackbody at the temperature of the dust. The opacity of the dust is
where M d is the mass of the dust, ΩD 2 is the area covered by the dust, and κ λ is the dust mass absorption coefficient. Thus the dust mass is given by
Here we assume
where κ λ has units of cm 2 g −1 and λ is given in µm. This value is due to Hildebrand (1983) and within 20% of Draine & Lee (1984) . We adopt it to be easily comparable to surveys of the Milky Way (for example, the Gould Belt Survey; André et al. 2010) . The dust mass then is
where I ν is given in mJy, D in pc, λ in µm, and B ν in erg cm −2 s −1 Hz −1 sr −1 . The dust masses calculated using temperatures the derived from 8/24-µm excess ratios are listed in Table 6 .
Dust Luminosity
To calculate the fractional luminosity F IR /F Bol , we first determined the infrared flux by integrating over the source function for graybody emission from 0.7 µm to 100 µm, rewriting Eq. 3 above as
where M d is in M ⊕ , D is the distance to the source in pc, λ in µm, and I ν in erg cm −2 s −1 Hz −1 . We then divided by the bolometric flux, which is the luminosity for the spectral type (Table 3) , scaled to the distance of the SMC.
Distance of the Dust from the Star
The observed dust temperature and stellar luminosity constrain the location of the dust in the circumstellar environment. The distance of the dust from the star at a given temperature also depends on the size of the dust grains and the wavelength range of the light being absorbed. We can set limits on the dust distance by first assuming the relation for large, blackbody grains,
where R ⋆ is the stellar radius in units of R ⊙ and R BB is the dust distance in au. The stellar radii for the stars are given in Table 3 and are taken from a second-order polynomial fit in T to the values given in Appendix E of Ostlie & Carroll (1996) . The distances calculated with this model are given in Table 6 as the blackbody (BB) distance. Grains that instead absorb light as blackbodies, but re-radiate as a modified blackbody proportional to λ −2 , can be modeled using the equation
where L ⋆ is in L ⊙ , R BB is in au, and λ 0 is in µm. This equation is taken from Equation 2 of Backman & Paresce (1993) , assuming p = 0 and q = 2. We have assumed λ 0 = 1 µm. Note that this last parameter is poorly constrained and it introduces significant uncertainty in R MBB . The distances calculated with this model are listed in Table 6 . Smith & Wyatt (2010) note that in resolved debris disks, the actual distances of the particles are at most 3 times the distance predicted by the blackbody grain model, whereas in resolved cirrus hot-spots, the dust distance is an order of magnitude -or morelarger than that expected from the blackbody model, due to stochastic heating of small grains (Kalas et al. 2002) .
We also estimate the blow-out size for grains due to radiation pressure in the absence of gas drag. Grains with β = F rad /F grav > 1 will be blown out of the system by radiation pressure. We use the equation for β from Burns et al. (1979) ,
where a is the size of the grain, δ is the density of the grain, and Q pr is the average radiation pressure efficiency over the stellar spectrum for a given grain size. Values for L for the spectral types are given in Table 3 and were derived using
where T ⊙ = 5780 K from Schmidt-Kaler (Allen 1973) . Values for M were derived by fitting a second-order polynomial in T in logarithmic space to the values in Appendix E of Ostlie & Carroll (1996) and are also given in Table 3 . We assume here Q pr = 1, and we use δ = 3.3 g cm −3 from the Draine & Lee (1984) model. Setting β = 1 gives the minimum grain size in a circular orbit that can survive the radiation pressure of the host star. Grains released from parent bodies in circular orbits, such as dust created in a debris disk, however, can be ejected from the system for β as low as 0.5.
We then estimate the mass of dust needed to produce the observed F IR /F Bol , based on the estimated blow-out size of the grains. This mass (in units of g) is given by
where a min is the minimum grain size to survive radiation pressure blow-out, in cm, and R BB is the blackbody distance in cm.
Uncertainties
We estimate the uncertainty on these parameters for the 8/24 pair of excesses using the Monte Carlo method. For each of 1000 trials per object, the color temperature is calculated, and that temperature is used in the calculation of the dust mass, F IR /F Bol , and dust distance. The uncertainties on the color temperature, dust mass, F IR /F Bol , and dust distance are then set according to the upper and lower values that bracket the central 67% of the results for each object. Uncertainties on the excess at 8 and 24 µm are determined via error propagation, assuming an uncertainty in slope m of 0.05 for B stars and 0.01 for O stars. These ranges allow for uncertainty in the spectral type. Because the O stars all have a similar slope, the range is much smaller. We apply these uncertainties to the excesses assuming a normal distribution about the value of the excess before calculating the color temperature. The dust mass calculation also includes an uncertainty in the distance to the stars, which we model as a normal distribution centered at 61.1 ± 6 kpc, assuming that the objects are most likely to be located near the center of the SMC. The F IR /F Bol calculation further requires the uncertainty on the bolometric luminosity, assumed to be a uniform distribution with a range set by the value for ±1 spectral sub-type. For the distance calculation, we assume uncertainties for the stellar radius and stellar temperature uniformly distributed between the values for ±1 spectral sub-type. Table 6 gives the dust parameters for those objects in Table 5 that have a measurable excess at 8 µm, and to which we give a secure main sequence spectral classification.
DISCUSSION
Classical Be Stars
Because the majority of our sample shows no optical emission lines, Be star activity is likely not the main cause of the 24-µm excess in these O and B stars. It is possible, however, that a few of the objects without emission lines could still be Be stars, as Be stars are known to show variability in their Balmer emission. In a study of 45 Milky Way Be stars, McSwain et al. (2009) found 23 objects with variable Hα emission, including six that changed from strong emission to normal B-star absorption at Hα or vice versa over the course of just two years. Of the original sample of 193 O and B stars with 24-µm excess identified in the S 3 MC survey, 12 were previously catalogued as Be stars by Meyssonnier & Azzopardi (1993) , and for those we did not acquire new spectra. We identify here an additional 16 stars with confirmed Hα emission and 7 stars with suspected weak Hα emission, for a total of 35 Be stars (36 if we include B 097 in the count). The remaining 88 stars in the spectroscopic sample do not display evidence of OBe activity.
To investigate the possibility of variability between the two states, we look at the 4.5-µm excesses, seen in Table 5, because Be stars, both classical and Herbig Ae/Be, are expected to show near-IR emission to some degree (see, e.g., Touhami et al. 2010) . Indeed, we do see an excess ratio > 3σ above the photospheric emission at 4.5 µm for 11 of the 16 OBe stars in our spectroscopic sample, as well as in 2 of the 7 "OBe?" stars. This could indicate that the other 10 OBe and "OBe?" stars were in a normal B-star phase during the IRAC observations, ac-quired in 2005 May. These excesses, however, are weak, at less than 4 times the expected photospheric flux, suggesting that we may just be unable to detect the excesses in our remaining spectroscopically confirmed OBe stars because of the uncertainties (∼ 20 − 30%) in their photospheric flux in our data. Adding further uncertainty is our use of J−band data to scale the photosphere, because Be stars may exhibit excesses even at wavelengths as short as 1.2 µm. This can be seen in the slopes of the dashed lines in the SEDs of B 038, B 081, B 085, B 119, B 140, and B 190, for example, in Figures 9 and 10. The dashed lines are fit to I − K and show shallower slopes than expected for the photospheric emission.
We also find 12 stars (B 023, B 033, B 047, B 115, B 128, B 135, B 136, B 142, B 154, B 156, B 160, and B 183) in Table 5 that do not show optical emission lines (see Table 4) but do have an excess ratio at 4.5 µm significant at the 3σ level. The 4.5-µm excesses are also weak, with only B 136 showing an excess/photospheric ratio greater than 1. This excess could indicate that these stars were in a Be state at the time of the IRAC photometry but settled into a normal B-star state by the time the spectra were acquired. If we assume that all of the 4.5-µm excesses are due to Be-star behavior, the fraction of transient Be-stars (counting as transient those OBe and "OBe?" optically classified stars without 4.5 µm excess, plus these 12 stars with 4.5 µm excess but no hint of Hα emission in their spectra) is 22/47, or about 47% of the total Be-star population in the sample. This is on par with the fraction seen in the study of Galactic Be-stars by McSwain et al. (2009) . Therefore it seems unlikely that the remainder of our stars that show no Be activity in the photometry and spectra are primarily dormant Be-stars.
Herbig Ae/Be Stars
Because we do not know the ages of the Be stars in our sample, it is difficult to determine to which of the Be-star categories they belong. None of the Be stars we identified spectroscopically have the large excesses at λ 1 µm that are typical of the hot dust in Herbig Ae/Be objects. Hillenbrand et al. (1992) , however, identify in the Galaxy a set of objects with near-IR profiles that resemble classical Be stars, but are apparently young stars, located near reflection nebulosity. This location is more typical of Herbig Ae/Be stars. Hillenbrand et al. (1993) suggest that these objects, which they label Group III, are actually Herbig Ae/Be stars that have an optically thin circumstellar disk, rather than the optically thick disk more typical of the Herbig Ae/Be class.
The weak 4.5-µm excesses of the Be stars detected in our spectroscopic study resemble the near-IR profiles of classical Be stars as well as these Group III objects. The stars in our sample are located within regions of recent star formation, suggesting an age of 10 Myr. Unfortunately, 10 Myr is the approximate age at which classical Be stars begin to appear in clusters (Fabregat & Torrejón 2000) , and so we cannot be certain whether these objects are young stars or older, established main-sequence stars without more accurate age determinations. The bulk of the dusty B-star sample, with neither optical emission lines nor a near-IR excess, are unlikely to be Herbig Ae/Be stars. Backman & Paresce (1993) note that to be certain that debris disks are the source of the excess infrared emission, spatially resolved observations of the disk are needed, because hot spots in the ISM can mimic the color temperatures and fractional luminosities of debris disks. The morphology of the dust is the best clue as to whether the heated dust is physically associated with the star in a disk, or if it is simply a concentration of ISM material close to the star. Unfortunately, at the distance of the SMC, debris disks cannot be resolved with any available facilities, and ISM hot spots are below the resolution of the Spitzer data, especially with a 6 ′′ resolution at 24 µm. Since we lack resolved images of the dust emission, we instead compare the dust properties of the SMC sample to the Galactic cirrus hot-spot sample of Gaustad & van Buren (1993) . A broader comparison using WISE data is carried out in Paper II. The Gaustad & van Buren (1993) sample was selected by looking for IRAS excesses at 60 µm with color temperatures above the ∼ 25 K temperature of the general Galactic cirrus and peaking at the location of a star, with F IR /F Bol < 0.1 to exclude H II regions, and spatially extended emission that is more extended in longer wavelengths, indicating that the temperature declines with distance from the star. We note that in cases where the reported IRAS 25-µm flux is negative, the color temperatures cannot be calculated.
Cirrus Hot-Spots Comparison
Whether this cirrus hot-spot sample in fact consists solely of cirrus hot-spots is, however, uncertain. Gaustad & van Buren (1993) found that in some cases, the hot spots have 12-µm emission that is brighter than the 25-µm emission, indicating a hotter dust component than the expected ∼ 70 K temperature of illuminated cirrus. Indeed, the color temperatures we find for the hot-spot sample from the 12/25 flux-ratios are all above 100 K. Furthermore, Kalas et al. (2002) used resolved optical images of nebulosity around three B stars that appear in both the Gaustad & van Buren (1993) and Backman & Paresce (1993) samples to model the IR emission from the objects. The authors concluded that, in all three cases, the ISM model cannot explain the 12-and 25-µm emission, requiring a source of warmer dust. The coronograph used to block the starlight for their optical images unfortunately obscures the central 100-1000 au around the star, where a circumstellar disk would be located. The warmer dust could therefore be provided by a population of either blackbody grains in a close-in circumstellar disk, or very small grains at larger distances that are heated stochastically to higher temperatures than equilibrium. In cases where the stellar velocity is large compared to the local ISM (such as runaway stars), a bow-shock could further heat the dust in addition to stellar irradiation. Distinguishing between these scenarios would require imaging at higher resolution, which we discuss further in Paper II. The 12-µm IRAS band also contains a PAH emission feature, offering another possible explanation for the excess flux at that wavelength. Illustrating the difficulty of distinguishing disks from hot-spots using SED information alone, even for nearby objects, Kalas et al. (2002) note that 31 of the 34 B-type stars in the Backman & Paresce (1993) Gaustad & van Buren (1993) cirrus hot-spot list.
The full hot-spot sample contains stars of spectral types O6 through B9 of all luminosity classes, but we exclude from the comparison any objects marked in the Gaustad & van Buren (1993) table as emission line stars or stars of luminosity class higher than V, to match the characteristics of the SMC dusty OB stars. We further limit the hot-spot sample to those objects that have excesses, if scaled to the SMC distance of 61.1 kpc, that we could detect at the 5-σ level or better at 24 µm in the S 3 MC survey (215 µJy; Bolatto et al. 2007 ). This subsample contains 18 stars. We then calculated the dust parameters for this sub-set of the sample, using the 12/25-µm combination in place of 8/24-µm, and these values are listed in Table 7 . Stars flagged in Table 7 as "known reflection nebula" are noted in Gaustad & van Buren (1993) to have extended emission that is brighter in the blue than in the red on the Palomar Sky Survey or ESO Sky Survey plates.
The comparison SMC sample contains a total of 31 stars (c.f., Table 6 ), and it is constituted by normal main sequence stars (no OBe, "OBe?," or Em classification) that have a measurable 8 µm emission excess, in order to determine the temperature of the dust. While the distributions in both samples over spectral types peak at a similar type -B0 in the SMC vs. B1 in the hot-spot sub-sample -the SMC sample extends more towards earlier types while the hot-spot sub-sample extends towards later types. This is reflected in the distributions over stellar effective temperature, shown in Figure 14 .
In Figure 15 we show histograms of the observable parameters, F 8 /F 24 or F 12 /F 25 , L 24 or L 25 , and F 24 /F Bol or F 25 /F Bol . The IR luminosities and fractional IR luminosities are similar; the difference in the IR ratio is largely driven by the use of the 8-vs. 12-µm bands. In Figure 16 we show histograms of the color temperature, mass, and fractional luminosity, where the samples are restricted to spectral types O9-B2, since both samples have at least one star of each of these spectral types. The histograms for the hot spots in Figures 15 and 16 are created by weighting the number of objects in that sample so that the total number of hot spots in a spectral type bin equals the total number of objects in the bin for the SMC sample. In this manner the weighting controls for the different spectral makeup of the two samples. Figure 17 shows the averages of each of the observable parameters and associated dust parameters against stellar temperature, without the restrictions on visibility at the SMC distance that are used in the histograms.
The distributions over dust temperature are very similar for both samples. they both have similar mean temperatures in the 125-130 K range, although the hotspot sample also displays a broader range in dust temperatures, 97-226 K compared to 116-164 K for the SMC sample. The hottest color temperatures in the hot-spot sample in Figure 15 result from the coolest and most predominant spectral type, B2. The trend toward higher color temperatures in the hot-spot sample is possibly due to PAH contamination. The 12-µm PAH emission feature remains relatively unchanged over a broad range of radiation field intensities, but the thermal emission at 25 µm changes dramatically (e.g., Figure  13 in Draine & Li 2007) . Thus PAHs around cooler stars would create higher color temperatures than around hotter stars; F 12 /F 25 would be artificially high as a result of similar amounts of PAH emission at 12 µm but reduced thermal emission at 25 µm. This is likely a lesser effect in the SMC, where PAH emission is weak (e.g. Sandstrom et al. 2010) .
The distributions over dust mass are also similar for both samples, though again the distribution appears broader (both towards higher and lower dust masses) in the hot-spot sample. The SMC sample may be devoid of examples of lower dust mass as these would not have been detected. The average mass at B0 and B1, where there is the greatest number of objects in both samples, is similar for each sample (Fig. 17) , but the average dust mass in the SMC sample is higher at B2, and lower for O7-O9, compared to the cirrus hot-spots. We see a trend in the hot-spots of lower dust mass for cooler stars, which is reasonable given that a hotter, more massive star could illuminate larger regions of the ISM. We do not see this dependence on the stellar temperature for the SMC objects, although the smaller temperature range of the SMC sample would make such a trend perhaps difficult to detect.
At first glance, the distributions over F IR /F Bol do also appear similar between the two samples. On closer inspection, the one for the hot-spots is clearly broader. The average F IR /F Bol = 4 × 10 −4 for the hot-spot sample is smaller than that of the SMC, which is F IR /F Bol = 1.5 × 10 −3 , although this is somewhat misleading as the averages are skewed by the extremes in the sample. The derived F IR /F Bol for both samples do fall within the typical 10 −4 to 10 −2 range of debris disks (Chen et al. 2006 ).
While we noted minor differences in the distributions over dust temperature, dust mass and F IR /F Bol between the SMC and hot-spots samples, these can be explained by a combination of small-number statistics, selection bias, and the opposite sense of skewedness of the distributions over spectral type. Indeed, Figure 17 shows that the trends -or absence thereof -and mean values are consistent between both samples if the breakdown over spectral types is taken into account.
Interestingly, despite the low dust-to-gas ratio in the SMC (about 1/7 − 1/10 that of the Milky Way; Leroy et al. 2007 ), the SMC objects show dust masses similar to the Galactic hot-spots if common selection thresholds are applied. This suggests that, if they are hot-spots, the mass of gas being illuminated is 7 − 10 times larger in the SMC than in the Milky Way. Assuming similar gas densities, this suggests that the typical sizes of hot-spots would be ∼ 2 larger in the SMC than in the Milky Way.
Bow-shocks and Runaway Stars
Larger dust masses, warmer dust and thus brighter emission may arise from bow-shocks ahead of runaway stars, or stars being over-run by expanding interstellar bubbles. Stars with stronger stellar winds -i.e., of earlier type and/or at later evolutionary stagesand/or larger relative velocity with respect to the local ISM sweep up more mass; larger relative velocities also result in stronger shocks and hence greater heating. Gvaramadze et al. (2011) present a sample of 12 candidate runaway stars with bowshocks in the SMC.
Curiously, there is no overlap whatsoever between their sample and ours.
The distribution of our sample on the sky (Figure 18 ) seems to indicate that at least a portion of them are found outside of sites of vigorous star formation. While the late-B stars may be old enough to have migrated from their birth-sites or for their natal clouds to have dispersed, the fact that some of the O-type stars are also found outside star-forming regions suggests they may be runaways. One of our "normal" OB stars, B 064 is in fact the primary in an X-ray binary 2 , and it is likely that the binary system will have received a high peculiar velocity when the neutron star's progenitor star exploded as a core-collapse supernova -see Kaper et al. (1997) for the proto-typical example of a bow-shock accompanied runaway X-ray binary, Vela X-1.
We also note that the structure of the ISM in the SMC differs in important ways from that in the Milky Way disk; the SMC is dominated by expanding bubbles (Staveley- Smith et al. 1997 ) while gas in the Milky Way disc is more strongly entrained and collected by the recurrence of a spiral density wave. This could affect the ubiquity and properties of bow-shocks; for instance stars in the SMC might be over-run by expanding shells (see Dawson et al. 2013 , for such mechanisms operating within the Large Magellanic Cloud), resulting in large relative velocities between stars and ISM without the requirement for a "kick" velocity of the star.
While proper motions relative to the systemic motion of the SMC are too small to be measured (1 mas yr −1 ≈ 300 km s −1 ), radial velocities can be determined with much better accuracy. Our own spectroscopy, however, has neither the spectral resolving power nor velocity calibration accuracy required for such measurements. In Table 4 we list the radial velocities measured for stars in our sample by Evans et al. (2006) , Martayan et al. (2007) and Evans & Howarth (2008) . We also determined the velocity of the peak in the H I emission around the location of the star in question, from inspection of the datacube produced by Stanimirović et al. (1999) . This differs from the intensity-weighted velocity map produced by Stanimirović et al. (2004) , because we are interested in the most likely velocity difference between a star and the densest parts of the ISM. Often, more than one strong peak is seen in the H I data; in that case we list both. Of the 21 stars with radial velocity measurements, most stellar kinematics coincide with that of a strong H I peak. B 116, B 124 (and perhaps B 119) fall in between H I peaks, suggesting they might reside in the middle of a shell expanding at ∼ 18-20 km s −1 . But two O7 stars, B 142 and especially B 145, have large velocity differences of ∼ 35 and 75 km s −1 with respect to the nearest (in velocity) H I peak. No uncertainties were quoted for the stellar radial velocities for these stars, but measurements for other stars from the same work (with the caveat that those were all later spectral type) often agreed with H I kinematics, which suggests typical errors not much larger than ∼ 10 km s −1 . We thus suggest that these two O7 stars may be runaways -they are located just outside of the brightest H II region in the SMC, LHA 115-N 66 containing the massive O-star cluster NGC 346, lending 2 The other primary in an X-ray binary in our sample, B 085, is a Be star and therefore excluded here from further analysis further support to their large space velocities.
Disks
Statistics for circumstellar disk detections around stars with spectral types as early as the SMC sample are difficult to come by. Few surveys exist of stars younger than 10 Myr, which encompasses most, if not all, of the main-sequence lifetimes of these late-O and early-B stars, and those surveys that do sample the appropriate age range still contain very few stars of these types (see Carpenter et al. 2009 , and references therein).
Our sample of 87 objects with normal O-or B-star main sequence spectra in the SMC shows excesses at 24 µm that are larger than those of typical debris disks, in studies of somewhat less massive (late-B and A-type) stars in the Milky Way. Carpenter et al. (2009) set a limit, based on the properties of their sample of B7-A9 stars, for the ratio of observed flux to expected photospheric flux at 24 µm of 100 for debris disks (but only a ratio of 5 for solar-type stars). Any object with a larger ratio is considered to be a primordial disk. Hernández et al. (2006) define objects with K − [24] 5 mag as Herbig Ae/Be stars, while objects below this limit are debris disks. Hernández et al. (2006) also define any object with 2.3 K − [24] 5 mag as a massive debris disk. The SMC objects have observed flux to expected photospheric ratios 70, with only 6 objects being less than 100 and a further 7 objects being within 1 σ of 100. The SMC objects also have K − [24] 3.4 mag, with only 11 objects below the limit of 5. Of those 11, we identify 7 as OBe stars.
The studies of Hernández et al. (2006) and Carpenter et al. (2009) only consider circumstellar matter around intermediate and low mass stars, so it is possible that these dividing limits around the more massive stars in our SMC sample should be higher. Carpenter et al. (2009) , however, specifically excluded earlier type stars from consideration because, aside from being few in number, they may show a severely reduced dust luminosity due to the loss of small grains to radiation pressure. We find blowout grain sizes for the SMC objects on the order of 1 mm, in the absence of gas drag (see Table 6 ). The smallest dust grains are the most efficient (per unit mass) at capturing and reprocessing UV and optical radiation into infrared. This suggest that, if blowout is significant, F IR /F Bol started much larger than we currently measure in our sample. Hernández et al. (2006) suggest two scenarios to explain massive circumstellar dust disks. They could be the result of collisions between two large planetesimals, greater than 1000 km, or they could be explained as a transition phase from Herbig Ae/Be star to debris disks, in which the disk still contains a significant fraction of primordial dust. The small number of these objects detected in the SMC sample suggests that they could be in a short-lived phase, and perhaps constitute transition disks remnants from the stellar accretion. In the original S 3 MC sample, the 24-µm excess objects were 5% of the total number of objects that met the requirements for normal late-O and early-B stars in the specific magnitude and color cuts ). Counting only the stars that have normal O-and B-star spectra, which is 87 out of the 193 objects in the original list, and also assuming that all of these objects are debris disks, rather than ISM hot spots or quiescent Be stars, gives a detection fraction of only 2.2%. Including the 45 objects for which we have no spectra to judge their emission-line star status gives a maximum of 3.4%. If the possible transition object that Hernández et al. (2006) detect is truly in this transition phase, that would give a detection fraction of 3% for transition objects in the 5 Myr cluster in which it lies. This detection fraction is consistent with that seen in the SMC sample.
Finally, it is worth noting that comparison with literature classifications shows that a significant fraction of our SMC sample consists of binaries. The effect of binary systems on the formation of circumstellar disks is unclear. One might expect the disks to be dynamically disrupted, although circumbinary planets have been recently discovered by Kepler (Doyle et al. 2011; Welsh et al. 2012; Orosz et al. 2012a,b; Schwamb et al. 2012 ).
SUMMARY AND CONCLUSIONS
We obtained long-slit spectra of 125 of the 193 dusty OB stars in the S 3 MC survey that show large excess emission at 24 µm. These new observations cover a significant fraction of the sample, make possible accurate sky removal in the complex regions where these stars live, and allow us to draw robust conclusions on the statistics of different contributors to the sample.
We use these spectra to classify the stars and look for the signatures of the OBe activity. We find 87 objects that lack emission lines and appear to be normal, main sequence late-O/early-B main-sequence stars. For these stars, we use our spectral classification to estimate their luminosity, and calculate the dust temperature, dust mass, F IR /F Bol , and equilibrium dust distance from the host star. We discuss the spectral and photometric properties of our sample in relation to several possible scenarios: classical Be stars, massive analogs of Herbig Ae/Be stars, hot-spots in the interstellar medium (possibly with contributions of bow-shocks), and disks. The results of this study are:
• We identify 17 stars in the dusty O and B stars sample as OBe stars because of clear Hα emission in their spectra (this count includes B 094, the object with forbidden nitrogen emission). A further 7 stars exhibit weaker than expected Hα absorption and are therefore classified as possible OBe stars -one of these is an O6 Iaf star showing He II 4686Å emission. We also identify 12 stars that show no Hα emission in their spectra but do show 4.5 µm excess in the photometry that could be indicative of transient Be-star activity. If these 12 stars are dormant OBe stars, along with the 11 spectroscopically identified OBe stars that show no excess at 4.5 µm, the transient total OBe star fraction would be ∼ 47%. This fraction is consistent with the study of transient Be star activity by McSwain et al. (2009) . Thus it seems unlikely that the remaining 75 stars, with neither 4.5 µm excesses nor Hα emission, are OBe stars that happened to be in normal OB star states during both the photometric and spectroscopic observations.
• Our dusty OB stars are generally located near regions of recent star formation, similar to Herbig Ae/Be type stars, and in that respect resemble the Group III Herbig Ae/Be objects in Hillenbrand et al. (1992) . Our objects have ages 10 Myr. Note that classical Be-star activity begins to appear in clusters around 10 Myr of age, once again suggesting that the majority of them cannot be explained by excretion disks with a dusty component.
• The SMC sample exhibits broadly similar characteristics when compared to the cirrus hot-spot sample of Gaustad & van Buren (1993) . The hot-spot sample shows trends for decreasing dust temperature and increasing dust mass for hotter stars, which the SMC sample does not. However, these differences likely arise from the different distributions over spectral type, and perhaps stronger contamination of the broadband colors by PAHs in the Milky Way. We show evidence that at least some of the stars in the SMC sample are runaways, including one X-ray binary; heating in a bow-shock could add to the radiative heating of the dust.
• The SMC sample of objects show higher 24 µm excesses than typical debris disks around intermediate mass stars in the Milky Way. There are not enough debris disks known around comparably massive stars, however, to indicate what is typical for an early-B or late-O debris disk. Alternatively, if the stars are young, we may be observing the remnants of the accretion process -analogs to transition disks around massive stars. The detection fraction of these objects when compared to stars with similar optical colors and luminosities is 2.2%-3.5%, which is consistent with the expected short lifetime of a transition phase.
We analyze and discuss additional observations of the SMC dusty OB sample, as well as further comparison with a sample of massive stars in the Galaxy compiled using WISE photometry, in Paper II. To demonstrate the classification system, the important lines are marked. The lack of He II lines indicates that it is a B star, and the lack of Si III lines suggests it is not a B2/B3 star. The Mg II line, however, is too weak for a star later than B3, so we conclude that the star is a B1, with the Si IV lines blended with Hδ. to the data using the slope from the spectral type, scaled by the J flux, or I if J was unavailable. Stars with a type O7-O9 use a slope of −2.91, which is the slope for all stars in that range, while stars with type B0-B2 use a slope corresponding to B1. The dashed line is a fit of Equation 1 to the I-K points, when available, without a fixed slope. Also plotted as a solid line is the total emission from the dust plus the photosphere, in cases where the 8/24 µm color temperature was determined. The open triangle indicates the flux limit at 70 µm, and, for the few objects with a 70 µm detection, the total dust plus photosphere emission for the 24/70 µm dust temperature is also plotted. Important lines are those marked in Figure 2 -Spectra and SEDs of the objects for which background subtraction was difficult. B 005, B 011, B 112, and B 175 all suffer from low signal-to-noise due to clouds, and, except for B 011, they all have other objects nearby on the slit. B 006, B 093, B 108, and B 191 are embedded in a complex region of Hα emission, making it difficult to determine the appropriate background level to subtract from the stellar spectrum. The slopes of the solid lines in the SEDs again correspond to a type of B1, given the lack of a classification. Figure 17 . On the left are the histograms for the SMC objects, using only those with spectral type O9-B2. On the right are the histograms for the Gaustad & van Buren (1993) sample, limited to only those objects that would have a 24 µm flux greater than ∼ 215 µJy at the distance of the SMC. This cutoff is chosen since it is the 5-σ flux limit of the S 3 MC survey at 24 µm. Figure 17 , derived from the observable parameters in Figure 15 . On the left are the histograms for the SMC objects, using only those with spectral type O9-B2. On the right are the histograms for the Gaustad & van Buren (1993) sample, limited to only those objects that would have a 24 µm flux greater than ∼ 215 µJy at the distance of the SMC. This cutoff is chosen since it is the 5-σ flux limit of the S 3 MC survey at 24 µm. Gaustad & van Buren (1993) cirrus hot spots (squares) as a function of stellar temperature. On the left are the observable quantities from which the physical parameters on the right are derived. The solid bars on each point represent the standard deviation, and the dashed lines connect the maximum and minimum value for each stellar temperature. The Gaustad & van Buren (1993) points are offset in stellar temperature by +250 K for clarity. The spectral types O7-B2 correspond to stellar temperatures of 37,000 to 22,000 K. Points without bars only have one or two objects included in the average, except in the case of the F IR /F Bol panel. The standard deviation for this panel has a negative lower bound for all of the hot spots and for O7 (37,000 K), B0 (30,000 K), and B1 (25,000 K) in the SMC sample. Fig. 18. -Map of the 70-µm emission (SAGE-SMC, Gordon et al. 2011 ) with overlain the dusty O-type stars (blue), B-type stars (red) and other, mainly OB-type emission-line stars (magenta). The latter tend towards the peak of 70-µm emission but the B-type and even O-type stars often stray away from prominent star-forming regions suggesting some may be runaways (not necessarily with a bow-shock). 
